Macrophytes are a group of aquatic organisms affected by constant changes. One of the main factors influencing the rate and direction of these changes is the way of basin management. The aim of this study was to determine the effect of changes in the management of a lake catchment area in an agricultural landscape on the qualitative and quantitative structure of macrophytes and assessment of the ecological status of the lake in question. The study was conducted in the years 1996, 1999 and 2011 in Lake Głębokie Uścimowskie. This lake is small (20.8 ha surface) and shallow (about 6 m depth). In the 1990s in Lake Głębokie Uścimowskie from 14 to 15 plant communities occurred, which occupied 2.9 ha of the lake. This represented only 14.1% of the lake. In 2011 there was a slight growth in the number of phytocenoses (16), and significant increase in the area of phytolittoral -5.98 ha. In the 1990s the range of ESMI index values, allowed the lake to be categorized as one with poor ecological status, but already in 2011 after a similar analysis, the lake was ranked in the upper limits of moderate ecological status of lakes. One of the main reasons for the rise in the ecological status of Lake Głębokie Uścimowskie, determined on the basis of the macrophyte index, as well as for the slight decline in trophy, was probably a sewerage system built in 2006 in Głębokie village.
Introduction
Aquatic ecosystems are living organisms whose existence depends on the way of catchment area use. Macrophytes are one of elements creating an organism. The functional importance of aquatic macrophytes for biocoenoses goes beyond their trophic role. They provide a substrate for periphyton, as well as spawning fish and amphibians. They are also competitors of planktonic and peryphyton organisms for light. They limit movement of water in the littoral zone, and reduce the exchange of matter between the littoral and pelagic zone (Lampert and Sommer 1996) . Macrophytes are good indicators of eutrophication. The main symptom of eutrophication is deteriorating light conditions, which are manifested by the disappearance of submerged macrophytes. The massive growth especially of helophytes and floating leaved vegetation is less favourable. Their massive growth causes shading, hampers the exchange of matter, limits the development of fauna, cuts off access to the bottom for invertebrate animals and fish, while preventing them moving and feeding. Changes in the quality and quantity structure are significantly slower (Bernatowicz 1959) .
Macrophytes are a group of aquatic organisms affected by relatively slow changes. However, their development can be substantially reduced, and the qualitative structure rebuilt under the influence of a surrounding lake catchment. Usage and management of the catchment area can significantly modify the structure of aquatic vegetation. Most often macrophytes reduce the extent of occurrence of biomass as well as species composition and spatial arrangement (Stefan 1997; Sender 2009 ). The degree of catchment area influence on the lake depends on the vegetation cover and composition of the shore, affecting the amount of surface runoff (Klosowski and Tomaszewicz 1996) . Climatic, physiographical and geological conditions also have a large impact (HilbrichtIlkowska and Kostrzewska-Szlakowska 1999) .
The aim of this study was to determine the effect of changes in the management of a lake catchment area in an agricultural landscape on the qualitative and quantitative structure of macrophytes and assessment of the ecological status of the lake.
Study area and methods
The field study was conducted in three seasons (spring, summer, autumn) in the years 1996, 1999 and 2011 in Lake Głębokie Uścimowskie (N 51°28' , E 22°55'). This lake is small (20.8 ha surface) and shallow (about 6 m depth). In the 1960s it was classified as a eutrophic lake (Fijałkowski 1960; Radwan et al. 1987) , whereas since the 1990s as a hypertrophic lake (Radwan et al. 1998) . This lake has a small catchment area covering 173.8 ha, typically agricultural land. From the north and west it is surrounded by Głębokie village and from the south and east by farmland.
The catchment area of Lake Głębokie Uścimowskie is agricultural. Fields surrounding the reservoir almost directly adjoin the shoreline (Fig. 1 Management in the catchment area of the investigated lake has changed considerably over more than 10 years. First of all, there was a significant increase in the share of forests, as well as peat bogs. A larger share of peat bogs is the result of successional processes of stagnant water. There was also a clear increase in builtup areas (Table 1) .
Plant communities were examined and identified based on the method of Braun-Blanquet phytosociological relevés (Fukarek 1967) . The syntaxonomic system was adopted by Matuszkiewicz (2008) .
Biomass, density, species composition and coverage of macrophytes were analysed in horizontal transects from the shoreline to the maximum range of their occurrence. Number and distribution of transects depended on differentiation and the way of management in the catchment area. Samples were taken at intervals of 0.5 m depth; for this purpose a floristic rake was used, whose surface grip was 0.16 m 2 (Sender 2004) . The surface phytolittoral and individual communities and the length of shoreline inhabited by macrophytes were determined on the basis of a current vegetation map of the lake using Macrostation ver. 8th programme.
In order to determine the ecological status of the lake the ESMI index was used (Ciecierska 2004 (Ciecierska , 2008 .
Physical and chemical parameters of the water, such as visibility, water reaction (pH), temperature, electrolytic conductivity, oxygen content, total P, total N, N-NH 4 , N-NO 3 , PO 4 , K, Ca, and Na were analysed. The following instruments were used for determination of physical and chemical properties of water: OXI 330 oxymeter made by WTW (oxygen content, temperature), electronic conductivity meter made by Hanna (electrolytic conductivity), and a microchip Slandi SP300 pH-meter (water reaction). The content of biogenic nitrogen and phosphorus compounds was determined using the microchip Slandi photometer LF 205.
Carlson's Trophic State Index (TSI) was calculated, based on visibility of a Secchi disk (SD), nitrogen (TN) and phosphorus (TP) content (Carlson 1977 
Results
In the 1990s in Lake Głębokie Uścimowskie from 14 to 15 plant communities occurred, which occupied 2.9 ha of the lake. This represented only 14.1% of the lake (Table 2 ). In 2011 there were a slight growth in the number of phytocenoses (16), and a significant increase in the area of phytolittoral -5.98 ha (Table  3) . Especially there was a clear increase in the share of submerged communities. Their occurrence depends on conditions in water especially on the light conditions. In the 1990s they formed 3.8% of the phytolittoral, while in 2011 this increased up to 13.8%.
The increase in phytolittoral surface of Lake Głębokie Uścimowskie and the range of occurrence of particular macrophyte groups were also reflected in the assessment of the ecological state of the lake. In the 1990s the range of ESMI index values, defined for stratified lakes, allowed the lake to be designated as one with poor ecological status, but already in 2011 after a similar analysis of the lake it was placed in the upper limits of moderate ecological status of lakes (Table 3) .
titative structure depends on conditions prevailing in water (Stefan et al. 1997; Körner 2002 ).
In the 1990s there was almost no difference in the average values of submerged macrophyte biomass, while a significant increase in biomass of macrophytes occurred in this group in 2011 (Fig. 3) . The first sign of changes in the structure of macrophytes is their occurrence range. It is a consequence of the possibility of light penetration into the water. In the studied lake visibility increased causing macrophytes to colonize the lake up to 3 m depth. In the 1990s the scope of macrophytes' occurrence did not increase, despite a slight growth in visibility (Fig. 2) .
An important component of the characterization of the ecological status of water reservoirs is submerged macrophytes. Their qualitative and quan- The submerged vegetation of Lake Głębokie Uścimowskie was dominated by nutrient tolerant species, with Ceratophyllum demersum and Myriophyllum spicatum (Fig. 4) . Participation in the biomass of individual species changed in the following years of the study.
Potamogeton acutifolii clearly dominated in biomass in the 1990s, while in 2011 the share of most species was well balanced (Fig. 4) . There was no effect of dominance. A favourable trend was the abundant occurrence of evergreen Chara species. In 1999, the lowest average values of submerged macrophyte biomass were in the transect with village buildings, where in spring they did not exist at all. The highest value was reached during the summer season in the transect located in the vicinity of the forest. In 2011, a similar trend was observed; however, in the urban transect macrophytes occurred throughout the growing season, also reaching much higher values (Fig. 5) . All increases in biomass were statistically significant (r = 0.9, p<0.05). In 1999, the maximum range of macrophytes' occurrence was only 1.8 m, while the highest biomass value reached up to 1.5 m depth. In 2011, macrophytes occurred even at 3 m depth, clearly reaching the highest values of biomass in the forest transect. A slightly lower biomass of macrophytes was reached in the transect adjacent to agricultural fields (Fig. 6 ).
Physico-chemical parameters analysed in relation to the 1990s showed negligible changes, which were not so significant and in the overall evaluation did not change the trophic status. Despite a significant rise in the assessment of the ecological status of Lake Głębokie Uścimowskie, trophy index values determined using Carlson's index qualify them as eutrophic lakes, but with a clear decreasing trend (Table 4) . In the 1990s the average values of biomass for the period of maximum development of macrophytes were 0.03 t per ha of the lake and were typical for highly eutrophic lakes (Table 5) . By contrast, the value of 0.3 t per ha of the lake, which in the studied lake submerged macrophytes reached in 2011, is typical for eutrophic lakes (Pieczyńska and Ozimek 1976; Kró-likowska 1997; Sender 2010) . Differences in biomass between years of research were statistically significant (test T = 0.047, p>0.05). Biomass values determined for the entire growing season and for a month in which the macrophytes reached the highest values of biomass were not statistically significant (test T = 0.15, p>0.05).
Discussion
Both the occurrence range and increase in Secchi disk visibility in the studied Lake Głębokie Uścimowskie can provide a clear stimulus which has affected their colonization. In the lake there was a significant increase in the area covered by macrophytes, thereby significantly increasing their biomass. The ecological status of Lake Głębokie Uścimowskie, determined on the basis of the macrophyte index (ESMI), as well as a slight decline in index trophy, were also affected owing to the sewerage system of Głębokie village. It was built and put into use in 2006. Six years after its launch, lake water is largely improved, which resulted among other things in an increased area of phytolittoral, a significant increase in biomass and distribution of submerged macrophytes. Sewage management can significantly improve the ecological status of lakes, which influences the resuccession of macrophytes also in the investigated lake (Wróbel and Królikowska 1999) . Fulfilment of conditions for sustainable development of agriculture requires complex water management to be carried out within the catchment area. Water resources are formed primarily in agricultural and forest areas; here they are subject to retention and are partially used up (Mioduszewski 1999) . Proper water management in the agricultural landscape determines the quality and quantity of water; it is also the basis for forming ecological balance. The basis is sustainable ecological development of rural areas.
The changes that occurred in the catchment area of the investigated lake are also an important factor, which has affected the shaping of the phytocenotic structure of the studied lake. A clear increase in forest areas in particular may cause reduction in nutrient runoff (Kufel 1999; Górniak 1999) . Another reason for the modification of the structure of plants is transformation from agriculture to grasslands and peatlands, which in this case play a buffer role (Hilbricht-Ilkowska 1995) .
